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Synthetic Procedures

General Considerations
Unless otherwise specified, all chemical reagents were purchased from Sigma-Aldrich and were used without purification. For small molecule synthesis, reactions were monitored by thin layer chromatography using silica gel 60 F254 coated aluminum plates from EMD Chemicals. Flash chromatography purification was done using 60-200 mesh silica gel with 60Å pore size from 
5-(4-(1,2,4,5-tetrazin-3-yl)benzylamino)-5-oxopentanoic acid
The desired tetrazine carboxylic acid (Tz-COOH) was synthesized using the method of Devaraj et al. 1 , with slight modification. 5-(4-(cyano)benzylamino)-5-oxopentanoic acid (0.47 g, 1.91 mmole) was combined with formamidine acetate salt (0.79 g, 7.64 mmole), and elemental sulfur (0.06 g, 1.91 mmole) in a round bottom flask and thoroughly mixed. Anhydrous hydrazine (1.1 ml, 35.0 mmole) was then added to the flask and, after vigorous gas evolution, the yellow slurry was stirred at room temperature for 20 h. Glacial acetic acid (30 ml) was slowly added to the crude mixture and allowed to stir for approximately 10 min, after which the suspension was filtered through a glass frit. The resulting orange solution was then cooled to 0°C and sodium nitrite (0.66 g, 9.55 mmole) dissolved in 1.5 ml of dH 2 O was added dropwise over 15 min, S 4 during which the solution turned bright pink and gas evolution was vigorous. Once the gas evolution was complete, the solution was evaporated to dryness, being careful to avoid excessive heating. The pink solid was then redissolved in 100 ml of 2% HCl, extracted 3 300.1; found 300.1.
PEG-Tz Macromer
The key PEG-Tz macromer was synthesized by coupling the Tz-COOH product from the The activated Tz-COOH was mixed with the PEG amine and allowed to react at room temperature for 15 h. The reaction mixture was then precipitated in cold diethyl ether, dissolved in 2 ml of dichloromethane, centrifuged to remove the salt byproducts, washed 2 x 1 ml with Hz, 2H), 1.77 (m, 2H).
Di-norbornene peptide crosslinker norb-KGPQGIWGQKK-norb
To make the hydrogels degradable via matrix metalloproteinase enzymes produced by the The purified peptide was reconstituted in PBS and sterile filtered prior to cell encapsulation. 
MALDI-TOF MS
Cell adhesive norb-AhxRGDS
To make the hydrogels cell adhesive, a peptide with the sequence Ac-K(Dde)AhxRGDS was synthesized on the 0.25 mmole scale. 5-norbornene-2-carboxylic acid was coupled to the ε amine of the Lys residue using the same protocol as for the di-norbornene crosslinker. The peptide was cleaved from the resin and purified, as described above. MALDI-TOF MS [M+H] calculated for C 37 H 61 N 11 O 11 836.46; found 836.80.
S 7
Heterobifunctional norb-GGKGGC
To leave pendant thiols in the hydrogel that could later be exploited for protein patterning via thiol-ene photochemistry, a peptide with the sequence GGKGGC was synthesized on the 0.25 mmole scale. 5-norbornene-2-carboxylic acid was coupled to the N-terminus of the peptide to result in a heterobifunctional norbornene-thiol peptide and the peptide was cleaved from the resin and purified, as described above. 
Experimental Methods
Cell encapsulation and viability assay
To verify the cytocompatibility of the tetrazine-norbornene crosslinking reaction, human mesenchymal stem cells (hMSC) were encapsulated in PEG-peptide hydrogels and their viability
was assessed 24 h post-encapsulation. Briefly, hMSC were isolated from human bone marrow (purchased from Lonza) based on their adherence to tissue culture plastic, as we have previously described 2 . The cells were expanded up to passage 3 and cultured at 37°C and 5% CO 2 in growth medium (i.e., Dulbecco's modified eagles medium (DMEM, low glucose) supplemented with 10% fetal bovine serum, 50 U/ml each penicillin and streptomycin (all from Invitrogen), and 1 ng/ml fibroblast growth factor-2 (Peprotech)). For the encapsulation, the cells were detached from the cell culture substrate using trypsin/EDTA and resuspended at a final cell density of 5x10 6 cells/ml in a solution of 7.5 wt. % PEG-Tz, 4.75 mM norb-KGPQGIWGQKKnorb, and 1 mM norb-RGDS. The cell suspension was pipette mixed and then quickly transferred to sterile syringe tip molds (i.e., 1 ml syringes that had been cut to remove the tips and then inverted) in 30 µl aliquots. After allowing 15 min for gelation, the cell-laden hydrogels were transferred to a 24 well plate and cultured individually in 1 ml of growth medium without FGF-2.
S 9 hMSC viability was assessed at 24 h post-encapsulation using the commercially available live/dead staining kit. Briefly, the cell-laden hydrogels were transferred from the cell culture medium to sterile cell culture grade PBS and incubated at room temperature on an orbital shaker for approximately 15 min. The gels were subsequently transferred to PBS with 20 µM ethidium homodimer and 5 µM calcein-AM and incubated at room temperature on an orbital shaker for 45 min while protected from light. The gels were then imaged at 10X magnification through a water immersion lense on a Ziess 710 LSM NLO laser scanning confocal microscope using 488 nm and 546 nm lasers to excite the calcein and ethidium fluorophores, respectively. Finally, to calculate percent viability, maximum intensity projections of 105 µm z-stacks collected with a 15 µm step size were thresholded and then analyzed in ImageJ using the particle analyzer plugin to count discrete cells in the live and dead channels.
Protein photopatterning
Hydrogels were prepared using 7.5 wt. % PEG-Tz, 4.75 mM norb-KGPQGIWGQKK-norb, and 1 mM norb-GGKGGC. The gels were formed between 22 mm square glass coverslips, one of which was treated with Sigmacote in order to facilitate removal from the gel. After gelation, the gels were then immersed in a solution of 0.1 mg/ml norbornene functionalized fluorescein-BSA and 2.2 mM I2959 photoinitiator in PBS, incubated at room temperature on an orbital shaker for 2 h, and then irradiated with collimated UV light (365 nm, 10 mW/cm 2 , Omnicure lamp) through a chrome on quartz photomask (100 µm lines with 100 µm spacing) for 10 min. The patterned gel was transferred to fresh PBS, incubated for 1 hr at room temperature on an orbital shaker, and the patterning process was repeated with norbornene functionalized tetrametheylrhodamine-BSA. In the second patterning step, the chrome photomask was rotated approximately 90° to S 10 generate a grid pattern. Single and dual protein patterned hydrogels were imaged at 10X magnification through a water immersion lense on a Ziess widefield fluorescence microscope.
Quantitative measurements of the patterned lines confirmed excellent pattern fidelity, as the average line width was 101.02 ± 1.46 µm (n = 12).
Calculations of Critical Crosslinking Density
Using Flory-Stockmayer theory for statistical gelation of step growth networks, the critical crosslinking density to achieve gelation was calculated for each hydrogel formulation using the following equation
(f PEG−Tz −1)(f crosslinker −1)
where ρ c is the critical crosslinking density, [norb] is the concentration of norbornene from the crosslinker, [Tz] is the concentration of tetrazine, f PEG-Tz is the functionality of the PEG-Tz macromer (f PEG-Tz = 3), and f crosslinker is the functionality of the crosslinker (f crosslinker = 2). The results from these calculations are below in Table S1 . 
